Liquefaction Risk Assessment and Implications on Urban Planning in the Greater Beirut Area by Harb, Jacques & Pico, Laurence
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(2004) - Fifth International Conference on Case 
Histories in Geotechnical Engineering 
17 Apr 2004, 10:30am - 12:30pm 
Liquefaction Risk Assessment and Implications on Urban 
Planning in the Greater Beirut Area 
Jacques Harb 
Notre-Dame University, Louaize, Lebanon 
Laurence Pico 
Université de Paris Sorbonne-Paris IV /Université Saint-Joseph, Louaize, Lebanon 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Harb, Jacques and Pico, Laurence, "Liquefaction Risk Assessment and Implications on Urban Planning in 
the Greater Beirut Area" (2004). International Conference on Case Histories in Geotechnical Engineering. 
23. 
https://scholarsmine.mst.edu/icchge/5icchge/session03/23 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 






Liquefaction Risk Assessment and Implications on Urban Planning in the Greater Beirut Area  
 
Jacques HARB Laurence PICO 
Notre-Dame University  Université de Paris Sorbonne-Paris IV / Université Saint-Joseph 






The eastern section of the Mediterranean Sea is a seismic zone falling on the boundaries of the Eurasian, African, and Arabian tectonics 
plates. The Greater Beirut Area, in Lebanon, witnessed major seismic historic events. After a ten years reconstruction effort mainly 
concentrated in downtown Beirut, the country is deeply indebted. In spite of this effort, many residential building will not withstand any 
seismic event particularly those built in geologically hazardous sectors.  
A seismic risk analysis for the Greater Beirut Area containing half of the Lebanese population is performed. This investigation shows that 
several sectors in the Greater Beirut Area, such as Beirut Sea Front, present a considerable risk of liquefaction, sometimes exceeding 80 % 
probability for a return period of 50 years. Whereas the quality of reconstruction improved, several obvious gaps remain in the geotechnical 
and seismic evaluations of constructions. Nevertheless, modern seismically designed buildings are yet scarce while the majority of buildings 
are old traditionally constructed structures without any seismic provisions and poor quality building material. 
Mapping of results is a key tool for urban planners, engineers and insurance industry, concerned by risk assessment of natural disasters. 
There is a need for them to act as a pressure group and attempt to urge local authorities to accelerate the implementation of a modern 




1 METHOD INTRODUCTION  
 
Liquefaction of sand in the Greater Beirut Area presents a 
significant risk to buildings in a newly constructed city in the 
event of an earthquake. But the lack of public endeavour to 
assess liquefaction risk, added to the difficult access to private 
sector data make the investigation uneasy.  
Despite the lack of data, liquefaction potential of some sandy 
sectors of the Greater Beirut Area is assessed following 
subsequent steps: 
1. On the geological map, sandy areas are identified. 
2. Several geotechnical companies provided soil investigation 
reports from sandy areas. 
3. On the map, boreholes are located and only sandy areas with 
less than 12% fines are retained for the analysis. 
4. The representative corrected SPT (Standard Penetration 
Test) value is identified for each borehole because CPT 
(Cone Penetration Test) data are not available at each site 
(Hussein Malkawi, 1995). 
5. For each borehole, water table is reported. 
6. Neighbouring fault lines are located and their historic events 
researched and mapped. Historical events are represented by 
the located epicentres and magnitudes. They form “seismic 
groups”. Seismic groups influencing the Greater Beirut Area 
are also identified. 
7. For this area, the appropriate attenuation relationship is used 
to calculate the maximum acceleration on site. The limiting 
acceleration capable of liquefying the sand is identified for 
each site. The probability of having acceleration on a site 
larger or equal than the limiting acceleration is finally 
calculated and results are presented in the form of 
isoprobabilistic curves allowing the characterization of 
vulnerable sites to liquefaction. 
8. The susceptibility of liquefaction of studied sectors is 
mapped.  Damage rates of buildings located in the different 
sectors studied are calculated for each limiting acceleration 
retained. These results are useful for planners and insurers. 
But as long as the accessibility of SPT data is not improved, 




 2 SANDY ZONES IN THE GREATER BEIRUT AREA 
 
Numerous land reclamation projects along the marine zone are 
added on the geographical map of the Greater Beirut Area that  is 
subjected to several modifications. It is mainly in the Port of 
Beirut where many land reclamation jobs are accomplished. In 
order to pinpoint these modifications, an aerial photograph 
developed by the company MAPS (MAPS, 1997) is consulted. 
Yet, it is necessary to take into account the ongoing work at the 
Beirut Sea Front project in the region of Normandie. Several 
visits on site and access to the project plans allowed the 
establishment of the new profile of the area of Normandie. After 
establishing the modified geographic map of Beirut, geologic 
data are adapted taking into account the fill material of the land 
reclaimed. The basic geologic map established by M. Louis 
Dubertret (1944) (Scale 1/20,000) is then updated with the new 
data collected. 
 
Fig. 1 : Geological map showing sandy sites in the Greater 
Beirut Area (Source: Dubertret, 1944, modified by Pico, 2002)  
Table 1. Sand designation and geographical zones 
 
Picture 1. Red sand in a building construction site located in 
Bir Hassan in the south-west of the Greater Beirut Area. 
(April 21, 2003) 
Picture 1 shows red sand widely spread around the Greater 
Beirut area. This picture is taken on a construction site in Bir 
Hassan near Cité Sportive at a short distance from the coastline. 
Red sand layers of considerable depth (more than 15 m) are 
observed in the area. 
Sandy regions shown in Figure 1 are investigated and boreholes 
collected as well as in situ observation assembled. However, SPT 
data are not available in all areas. Therefore the analysis is 
limited to explored sites only. Indeed, the liquefaction risk in 
Ramlet El-Bayda is not investigated due to the lack of SPT data. 
With the emergence of newly collected SPT data, perimeters of 
investigation will be enlarged, results will be validated and a 
more accurate probabilistic analysis derived. In-situ observation 
and borehole data have also provided Geotechnical 
characteristics of soil, density of sand and elevation of the water 
table. Corrected SPT data are obtained using Castro (1995) 
method. Boreholes revealing sand susceptible for liquefaction 
and having a low SPT value and a low percentage of fine 
particles (less than 12 %) are retained for the analysis. SPT 
values are grouped and correction applied. The representative 
SPT value of a site is the smallest number obtained from several 




3 SEISMIC HAZARD ASSESSMENT FOR THE GREATER 
BEIRUT AREA 
 
Lebanon is classified in Zone 3 according to UBC 1997. It is 
located on the Dead Sea transform fault system that starts in the 
Aqaba Gulf and extends north passing by Wadi Araba desert, the 
Dead Sea, the Bekaa Valley in Lebanon, crosses Syria to reach 
the Taurus Zaghros Mountains in Turkey. 
In Lebanon, the orientation of the Dead Sea transform fault 
system changes, passing to a N-S orientation to a N30°E 
orientation, and the fracture turns into a braided strike-slip faults 
system which main section is known as the “Yammouneh Fault” 
(Walley, 1988). Besides, Lebanon is also characterized by a 
multitude of secondary faults, most of them normal and strike-
slip faults, that constitute a complex mesh system. The faults’ 
movement is not yet well understood but investigation is in 
progress. 
Among the network of faults, there are some active faults such as 
the “Roum Fault” which is a branching of the Dead Sea 
transform fault system at Houlé in the South and orients north 
toward the Khaldé area (Beirut Airport). Several passive faults 
are identified such as the Beirut downtown fault and Nahr Beirut 
fault (Sursock, 1995). 
 
 
3-1 Influencing Faults on the Greater Beirut Area 
 
The fault mesh is constituted by faults that vary with their degree 
of seismic activities and distance from the site. In Lebanon, most 
major faults are parallel to the coastal line as seen in Figure 2. 
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Fig. 2 Schematic representations of  main 
faults in Lebanon. (Source : Walley, 1988) 
The major faults are: 
• Yammouneh fault 
• Hasbaya fault 
• Rashaya fault 
• Serghaya fault 
• Roum fault 
Principal faults lines influence the seismicity of the Greater 
Beirut Area. Existing faults in Beirut are identified as: 
• Nahr Beirut fault 
• Downtown Beirut fault 
• Newly identified West Beirut fault 
However, since no historic event is reported on these faults, they 
are considered inactive.  
The faults system in Lebanon is capable of producing seismic 
events with magnitude 7.5 on the Richter scale. Based on the 
assessment of historical events, the return period for this large 




4 ASSESSING LIQUEFACTION POTENTIAL 
 
Liquefaction potential is estimated by calculating the Cyclic 
Stress Ratio CSR values as a function of corrected SPT values 
only available on-site, according to Seed and Idriss (1982). Youd 
et al. (2001) and Youd and Noble (1997) simplified procedure is 
also applied. Two methods have been applied: one statistical and 
the other is deterministic. The first method utilizes the corrected 
SPT and the maximum accelerations obtained from seismic 
analysis characteristics influencing the Greater Beirut Area. The 
corrections for SPT values are performed according to Youd et 
al.(2001). The maximum calculated probable acceleration values 
a/g are: 1.28, 0.15, 0.13 and 0.12 for the seismic sources 
influencing the Greater Beirut area. It is noticed that a large 
number of boreholes represents a highly liquefiable sand even for 
moderate accelerations on site. In order to extend the liquefaction 
potential to the Greater Beirut area, the deterministic approach is 
adopted. The limiting liquefaction curves established by Seed 
and Idriss are used to estimate the limiting acceleration capable 
of liquefying sand. Seed and Idriss (1982) delimited a 
demarcation line between the liquefaction case histories from the 
nonliquefaction ones for different magnitudes. Results of the first 
method are shown in Figure 3 by the points. Figure 3 shown 
below represents the relationship between CSR and the values of 
corrected SPT for magnitude 7.5 applied to Beirut Sea Front 



























Fig. 3 Relationship between the Cyclic Stress ratio and 
corrected SPT value for the Beirut Sea Front 
 
 
4-1 Liquefaction Risk Assessment 
 
Once selected sites with Geotechnical properties of sand 
favorable to liquefaction are identified, the risk calculation is 
limited to the estimation of probability of exceeding the 
acceleration on site capable of liquefying the soil. In other words, 
the probability of liquefaction is calculated by the assessment of 
the probability of obtaining the limiting acceleration on a specific 
site. The probability of having the limiting acceleration on site is 
conditional to the occurrence of a seismic event capable of 
producing such acceleration. The relationship of acceleration on 
site with magnitude is derived from the attenuation relationship 
used for Jordan established by Hussein Malkawi and Fahmi 
(1995).  
For Lebanon, no attenuation relationship is available due to the 
absence of an existing seismograph network. The area of Beirut 
is considered 20 km away from the source. Once this magnitude 
identified, the probability is obtained using the Poisson 
relationship appropriate for spaced seismic events for a known 
period. The probability values of having acceleration larger or 
equal to the limiting acceleration are shown in the Figure 4 
below: 
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Fig. 4 Annual probability of exceeding function of the Peak 
Ground Acceleration on site for several periods 
The probability curves corresponding to 50 years return period 
are used. These isoprobabilistic curves are obtained as follows: 
1. For each borehole of sites under consideration, the 
representative corrected SPT value is established and the 
limiting value of the cyclic stress ratio identified from 
Figure 3, beyond which there is a risk of liquefaction. 
2. The corresponding acceleration is calculated 
3. Figure 4 provides the probability of exceeding for a given 
return period. The 50 years return period is used. 
4. The probability margins are characterized as follows: 
• High Probability: Pa > 0.6 
• Moderate Probability: 0.3<Pa<0.6 
• Low Probability: Pa<0.3 
Figure 5 presents a map showing vulnerability of some selected 
areas with regard to liquefaction. 
  
Fig. 5 Characterization of some vulnerable sites to 
liquefaction in the Greater Beirut Area. 
Another approach to calculate the probability of liquefaction 
relies on the Logistic Regression analysis developed by Juang et 
al. (2002) based on 243 case histories of Fear and McRoberts 
(1995). The expression of probability is function of N160 and 
CSR7.5 estimated from some selected sites around the Greater 
Beirut Area. The data show a maximum probability estimated at 
47%. This limiting probability is calculated from the regression 
analysis equation. Small probabilities are found for the 
considered sites. This is explained with the scattering of data of 
the calculated Logistic Regression with a Nagelkerke coefficient 
of 0.49. Should more accurate in-situ tests be performed such as 
CPT, then better probability estimates would be obtained. 
In conclusion, some sectors contain different potential of 
liquefaction despite their identical geologic designation. Many 
parameters explain such difference. One can mention: 
1. Variation in the grain size distribution 
2. Difference in the compacting ratio 
3. Disparity in the water table level 
4. Lenses of water entrapped in-between impermeable layers. 
A similar map coupled with the iso-probabilistic map is a useful 
tool for the planning of the area, as well as remediation scheme 
to reduce the risk of liquefaction in a city where reconstruction is 
a major activity. 
 
 
5 LIQUEFACTION RISK AND URBAN PLANNING  
 
Since liquefaction obviously increases damage rate of buildings 
in case of a seismic event, the assessment of sandy areas’ 




5-1 Map of Limiting Accelerations Assessed 
 
When considering the representative SPT of each studied sandy 
sector and its corresponding limiting acceleration, some sectors 
clearly appear more at risk than others, with respect to 
liquefaction (Fig. 6). 
    
Fig. 6 : Map of limiting accelerations 
Beirut Sea Front fill is the most dangerous sector since an 
acceleration of only 0.04 g is necessary to liquefy the soil. A 
range of limiting accelerations between 0.1 g and 0.17 g can 
liquefy as well red sandy areas of the southern Beirut Area as 
alluvial sandy sectors of its northern area. Downtown Beirut and 
Khodr-Mar Mikhaël sands are the less susceptible to liquefy 
since a limiting acceleration of 0.3 g is calculated.  
Table 2 shows magnitude and return period associated with the 
limiting acceleration assessed for each sector. The Magnitudes 
are retrieved using the Hussein Malkawi and Fahmi attenuation 
relationship. The Greater Beirut Area is considered to be 20 km 
away from the source. Return periods are evaluated using the 
Gutemberg-Richter relationship established for the Lebanese 
section of the Dead Sea fault system (Harajli et al., 1994). But 
one has to be aware of the difficulty of establishing annual 
earthquake recurrence relationships due to the complexity of 
faults system in Lebanon and the absence of instrumentation. 
Table 2. Magnitude and return period of seismic events 
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corresponding to limiting accelerations assessed 
Approximate return periods range from 7 years to 275 years. It is 
of interest to note that the most dangerous areas are also the most 
recently built. Beirut extension progresses on sandy areas. 
Indeed, since the second half of the XXth century, due to a 
massive population migration from rural areas, Beirut witnesses 
a real estate pressure which is translated by the densification of 
central districts and an urban extension on all fronts. The 
partitioning of the city and population displacement during the 
war have increased the extension of urban anarchism on to 
unstable parcels and liquefiable lots. Yet, since the end of the 
war no legislative text appeared forcing contractors and 
designers to implement a site remediation when necessary.  
 
 
5-2 Limiting Accelerations and Damage Rates of Buildings 
 
It is essential to take site remediation steps in order to decrease 
damage rates of building exposed to liquefaction. In fact, in case 
of a proximate seismic event, even a moderate one, buildings 
experience foundation damage in addition to a potential 
structural damage. 
Table 3 shows approximate damage rates of concrete non-
seismically designed buildings. Damage rates correspond to cost 
of repair reported to insured value. Limiting accelerations are 
converted into intensities using Mc Cann and Shah relationship 
(1979). Then, the damage rates are calculated via a relationship 
used by insurers (Russell, 1980). Damage rates due to 
liquefaction are added to damage rates due to earthquake when 
limiting acceleration is attained. 
Table 3. Damage rates of concrete non-seismically designed 
buildings located in sandy sectors studied 
Table 3 draws the attention on spatial distribution of buildings 
damage rates in case of a seismic event. One has to link this table 
with figure 6. Damage rates assessed are less important than their 
spatial distribution as numerical data have always to be handled 
cautiously. Indeed, the calculation of damage rates starts with a 
minimum intensity for damage of 6 MMI in this analysis. Below 
this intensity, one considers that no damage will occur to 
buildings. Nevertheless, such a consideration does not match 
Beirut urban diversity. In fact recent seismically designed 
buildings would experience no damage at 6 MMI but such 
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Picture 2.  Beirut northern entry sector  
(April 26, 2002) 
On picture 2, bad quality constructions are built on alluvial sand 
near the river “Nahr Beirut” and the fault of the same name.  
This picture shows the conjunction of high vulnerability 
buildings exposed to liquefaction induced by seismic hazard.  
Remediation measures have to be implemented in high 
vulnerability sectors with easily liquefiable soil. Otherwise, the 
spatial extension of Beirut should be oriented towards less 
dangerous zones and new construction should be discouraged in 
these areas. Else,  risk exposure will indefinitely and 
dramatically increase. Urban planners, engineers’ syndicates, and 
insurers supported by universities researchers constitute 
important pressure groups capable of improving on the 
legislative process in order to render site remediation mandatory 
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The mapping of results is a key tool for the urban planning of the 
territory. It clearly shows that real estate pressure due to 
migration of populations is leading to city’s extension on sandy 
areas with easily liquefiable soils. If no remediation measures are 
to be legislated, risk exposure will indefinitely increase with the 
anarchistic growth of the city. This analysis will be updated with 
the emergence of new data and the identification of new sites in 
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